Abstract. There are currently various protocols for in vitro fertilization (IVF). For patients with polycystic ovarian syndrome (PCOS), an optimized protocol for the downregulation of pituitary follicle stimulating hormone and luteinizing hormone via gonadotropin-releasing hormone agonist (GnRHa) remains a challenge. In the present study, the primary endpoint of an ultra-long and a conventional long GnRHa protocol for intracytoplasmic sperm injection/IVF treatments of patients with PCOS was retrospectively compared. In the modified ultra-long protocol group, endometrial thickness, morphology, and blood flow were significantly improved, as compared with in the conventional long protocol group. Furthermore, the serum progestogen (P) concentrations and P/estrogen (E2) [(Px1,000/E2)] ratio on the day of human chorionic gonadotrophin administration were significantly decreased in the modified ultra-long downregulation group, whereas the pregnancy and implantation rates were significantly higher. There were no significant differences in the average number of obtained oocytes, good quality embryo rates, cancel rates, fertilization rates, abortion rates, serious ovarian hyperstimulation syndrome incidences, ectopic pregnancy rates or gonadotropin (Gn) dosages between the two groups. These results suggest that the modified ultra-long protocol plus human menopausal Gn medication may be superior to the conventional long protocol, and may lead to improved implantation and pregnancy outcomes for infertile patients with PCOS.
Introduction
Polycystic ovarian syndrome (PCOS) is a common endocrine disorder in women of childbearing age. Characteristic clinical presentations include: Menstrual disorders, oligoovulation or anovulation, infertility, hirsutism, obesity, ovarian enlargement, and irregular serum hormone concentrations (1) . Patients with PCOS account for 5-10% of women of childbearing age, 70-80% of patients with ovulation disorder, and 50% of patients who are undergoing assisted reproductive technologies (2) .
Due to the complex endocrine conditions associated with PCOS, the induction of controlled ovulation for in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) is challenging. This is largely due to the very narrow response range to gonadotropin (Gn), ovarian hyperstimulation syndrome (OHSS), and a surge in endogenous luteinizing hormone (LH), which may affect the quality of oocytes and reduce clinical pregnancy rates (3) (4) (5) . To date, no exact optimization scheme exists for patients with PCOS (6) . Currently, the majority of reproductive centers use traditional long protocols to inhibit an endogenous premature LH surge and prevent premature luteinized follicles, in order to induce high quality oocytes and successful pregnancies (7, 8) . As such, the pregnancy rates of patients with PCOS who receive the long pituitary downregulation protocol are not always ideal; some patients exhibit poor outcomes due to insufficient downregulation, and premature endogenous LH surge, even with a long duration of high dose Gn. To date, the ultra-long protocol has predominantly been used for infertile patients with endometriosis, with noteworthy outcomes (9) . In the present study, a modified ultra-long protocol for patients with PCOS was implemented. Data were retrospectively summarized between September 2011 and April 2012 in our assisted reproductive technology center in the Reproductive & Genetic Hospital of Citic-Xiangya (Changchun, China). Patients with PCOS were divided into modified ultra-long protocol or conventional long protocol groups, and endogenous LH levels, endometrial receptivity, and the clinical outcomes of the two groups were compared. Evaluation criteria for follicle stimulation. Follicle development status was determined by ultrasonography, combined with serum hormone concentration determinations. Controlled ovarian hyperstimulation (COH) was adapted using a Gn step-up, step-down or withdrawal scheme according to estrogen (E2), progestogen (P), and luteinizing hormone (LH) levels, and vaginal ultrasound results. The criteria for adequate pituitary-ovarian suppression were: E2 <40 pg/ml, P <0.8 ng/ml and LH <3 mIU/ml serum concentrations; as well as endometrium thickness <5 mm and, no follicle or corpus luteum cyst ≥10 mm present in the ovary. rFSH or hMG was administered to achieve egg stimulation until follicles ≥18 mm accounted for 60-70% of follicles >14 mm, or follicles ≥20 mm accounted for 40-50% of follicles >14 mm. Patients were scheduled for oocyte retrieval 35-36 h following hCG injection. E2 per every 14 mm follicle was 200-300 pg/ml. Indications and techniques for oocyte aspiration, oocyte and embryo culture, insemination, ICSI, assisted hatching and embryo transfer (ET) were based on the routine of the center (ISO 9001 Certification) (11) .
A modified ultra
Determinations of endometrial change. The endometrial thickness, morphology alterations, and blood flow of the two groups were assessed by vaginal color ultrasound on the day of hCG injection and the day of ET. GE V730-expert color Doppler ultrasonic diagnostic apparatus (GE Healthcare Life Sciences, Little Chalfont, UK) was used with an intra-cavity probe frequency of 5-9 MHz. The operator and settings remained constant throughout the study, and test indices were longitudinal endometrial thickness and endometrial morphology, which were assessed using the classification system outlined by Gonen and Casper (12) , as follows; Type A, three linear or multilayer endometrium, echogenic outer and central areas and hypoechoic or dark inner areas, and significant uterine cavity midline echo; Type B, the middle area exhibits an isolated echo-like uterine myometrium image, and the uterine cavity midline echo is not clear; Type C, the endometrium is homogeneously echogenic, without uterine cavity midline echo. Endometrial blood flow was categorized according to Chien et al (13) ; Type A, blood flow could be monitored as endometrial and subendometrial; Type B, blood flow could only be monitored as subendocardial blood flow; and Type C, Endometrium and endometrial blood flow could not be detected.
Outcome parameters. Serum hormone concentrations of the both groups were evaluated prior to GnRHa stimulation and on the day of hCG administration. The mean number of retrieved oocytes, fertilization rate, good quality embryo rate, cycle cancellation rate, the number of transferred embryos, implantation rate, pregnancy rate, miscarriage rate following transplantation, severe OHSS incidence, the incidence of ectopic pregnancy, the GnRHa dosage, and the days of drug administration were compared between the two groups. 
Results
Age, infertility duration (years), body mass index (BMI), and basal FSH and LH values were compared between the two groups and no significant differences were detected (Table I) . Table II presents the comparisons between clinical outcomes of the two protocols. Within the ultra-long protocol group, the LH level on the day prior to Gn administration, and the P level (ng/ml) and P/E2 (P (ng/ml) x 1,000/E2 (pg/ml)) ratio on the day of hCG administration were significantly lower, as compared with that of the long protocol group (P<0.05). Furthermore, the implantation and clinical pregnancy rates of the ultra-long 
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protocol group were significantly higher, as compared with those of the long protocol group, (P<0.05). Other parameters included: Gn dosage, duration of Gn, levels of E2 and LH on the day of hCG, the mean number of oocytes retrieved, fertilization rates, good quality embryo rates, cycle cancellation rates, the number of transferred embryos, implantation rates, pregnancy rates, miscarriage rates of transplantations, severe OHSS incidences and the incidence of ectopic pregnancies, all of which exhibited no significant differences. The increase in clinical pregnancy rate observed in the ultra-long protocol group may be caused by the optimal P level and P/E2 ratio on the day of hCG administration, which resulted in improved endometrial receptivity. Endometrial morphology and blood flow are shown in Figs. 1 and 2 , whereas Table III details the differences in endometrial thickness, morphology, and blood flow between the two protocols. The proportion of patients with type A and B endometrial morphology on the day of hCG administration in the ultra-long protocol group was 32.0 and 57.3%, respectively; thus greater than that observed in the long protocol group (23.6 and 43.1%, respectively); however significance was not reached. The proportion of patients with type C endometrial morphology on the day of hCG application in the ultra-long protocol group (10.7%) was significantly lower as compared with that of the long protocol 
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group (33.3%) (P=0.001). The endometrial morphology of the patients receiving both protocols was type C on the day of ET. The proportion of patients with types A and B endometrial blood flow and sub-endometrial tissue, on the days of hCG medication and of ET was higher in the ultra-long protocol group compared with the long protocol group; however, the difference was not statistically significant. The proportion of patients with type C endometrial morphology on the days of hCG administration and ET were significantly lower in the ultra-long protocol group compared with the long protocol group.
Discussion
The present study demonstrated that patients with PCOS treated with an ultra-long protocol pituitary downregulation protocol benefited from improved clinical outcomes, as compared with patients in the long protocol group; this may be associated with a reduction in P level on the day of hCG administration. Bosch et al (14) demonstrated that serum P levels and the ratio of P/E2 on the day of hCG administration may be indicators of an implantation window for optimal endometrial receptivity, which is shifted forward in IVF patients, as compared with women in natural menstruation cycles. Elgindy (15) reported that clinical blastocyst pregnancy rates per transfer were reduced if, on the day of hCG administration, the P serum levels and the ratio of P/E2 were higher than 1.5 ng/ml and 0.55, respectively. Previous studies (16) (17) (18) have noted high P levels on the day of hCG administration and resultant lower clinical and complete pregnancy rates. The results of the present study demonstrated that serum P levels and the ratio of P/E2 on the day of hCG administration were significantly lower in the ultra-long protocol group, as compared with those in the long protocol group; thus inhibiting the forward shift of the uterine endometrium implantation window and improving endometrial receptivity. LH levels prior to the day of Gn stimulation reflect downregulation of pituitary suppression. Prior to Gn stimulation, lower LH levels were observed in the ultra-long protocol group compared with the long protocol group. A prior study suggested that the optimum LH threshold range of 0.5-1.5 IU/l (19) . hMG was used to initiate ovulation in the ultra-long protocol, which was a supplement for low LH levels and obtained good pregnancy outcomes. Previous studies have demonstrated that embryos may be easier to implant, and exhibit improved development on type A and B endometrial morphologies, as compared with that of type C (6, 20, 21) . Järvelä et al (22) suggested that COH multilayer (three linear) endometrial morphology is more suitable for embryo implantation, with homogeneous endometrial morphology associated with poor IVF outcomes, as non-three linear endometrial morphology can indicate that premature transformation of the endometrium into the secretory phase. In the present study, the percentage of type C endometrial morphology on the day of hCG medication in the ultra-long protocol group was significantly lower, as compared with that observed in the long protocol group (P=0.001). The majority of previous studies concur that appropriate thickness of the endometrium is essential for embryo implantation. It has been observed that clinical pregnancy rates increase once the endometrial thickness increases to >14 mm on the day of hCG application, whereas implantation and pregnancy rates were almost zero when endometrial thickness was <6-7 mm (21, (23) (24) (25) (26) . In the present study, the endometrium of the ultra-long protocol group was thicker on the day of hCG administration, as compared with that of the long protocol group, and the endometrial morphologies on day of ET were type C in both protocols. These findings demonstrate that the ultra-long protocol led to adequate pituitary downregulation and may have inhibited premature endometrium transformation into the secretory phase, thus inhibiting the forward shift of the endometrial implantation window.
In the present study, the proportion of patients with type A endometrial blood flow and sub endometrial tissue on the days of hCG medication and of ET was higher in the ultra-long protocol group compared with the long protocol group. The proportion of patients with type B endometrial blood flow and sub endometrial tissue on the day of ET was higher in the ultra-long protocol group compared with the long protocol group; however, the difference was statistically insignificant. In previous studies, good sub-endometrial and endometrial perfusion has been reported to be important for successful embryo implantation (8, 13, 27) . Furthermore, previous studies have noted that endometrial blood flow following oocyte retrieval in IVF/ICSI-ET pregnant patients, and in spontaneous pregnancies post-ovulation, was higher than in non-pregnant women (22, 28) .
Obesity and a high BMI negatively affect embryo quality and endometrial receptivity in assisted reproduction. Pregnancy rates have been shown to be significantly lower in patients with BMI ≥27 kg/m 2 , as compared with in patients with BMI ≤25 kg/m 2 and 25-27 kg/m 2 (27, (29) (30) (31) . The ideal BMI of Chinese women is 18-23 kg/m 2 and in the present study, the BMI of patients in the modified ultra-long protocol group was slightly higher, as compared with that in the long protocol group. However, the implantation and pregnancy rates were significantly higher in patients in the ultra-long protocol group, as compared with the long protocol group; therefore, we propose that patients with PCOS with BMIs >23 kg/m 2 or obesity may be more suitable for the ultra-long protocol.
In conclusion, two injections of small GnRHa doses prior to COH, combined with hMG, significantly increased pregnancy rates. Lower serum P levels on the day of hCG administration in a modified ultra-long pituitary downregulation protocol may improve pregnancy rates and ameliorate the receptivity of the endometrium, as assessed by endometrial morphology, thickness, and blood flow. It may be hypothesized that a modified ultra-long protocol, coupled with hMG ovarian stimulation, is a preferable treatment for patients with PCOS, especially those with elevated BMIs. Further studies should focus on biological endometrial changes and associated mechanisms in an ultra-long protocol.
